Solubilization of liposomes by weak electrolyte drugs. I. Propranolol.
The solubilization of dimyristoylphosphatidylcholine (DMPC) liposomes by a weak electrolyte drug, propranolol (PPL) hydrochloride, has been studied as a function of pH, [PPL], [DMPC], and temperature. The solubilization of liposomes at 40 degrees C by 0.2 mM PPL occurred at different rates from 2.9 to 14.4 mM DMPC but converged at complete solubilization after 13 hr at pH 12.0. At the same [PPL], solubilization was complete after 18 days at pH 11.0, but incomplete solubilization occurred at pH 10.0 and not at all at lower pH's. In 14.4 mM DMPC liposomes, solubilization was gradual and proportional to the [PPL] from 0.001 to 0.10 mM up to 95 hr, then rapid thereafter. The [PPL] at which the solubilization efficiency began to increase rapidly was determined to be 0.078 mM. The rate of solubilization was also influenced by the fluidity of the bilayers, a sevenfold increase in the time for complete solubilization being observed upon cooling from 40 to 20 degrees C. Surface tension (st) data confirmed a low critical micelle concentration (CMC) and continued decrease in the st above the CMC. It is concluded that the critical ratio of PPL to DMPC for solubilization occurs in localized regions of the bilayers, with total solubilization at different rates depending on the [PPL] and the physical properties of the liposomes. The processes may be used advantageously to prepare small vesicles or to extract lipids or proteins, more efficiently than detergents, from biological membranes.